Endemic nosocomial Legionnaires disease has occurred at our medical center for several years. Two subtypes of Legionella pneumophila serogroup 1 (UH-1 and RH-1) have been isolated in approximately equal numbers from hospital potable water. However, almost all clinical isolates have been UH-1. To assess potential differences in virulence, 50% lethal doses (LD50) and 50% infective doses (ID50) of UH-1 and RH-1 were determined by intraperitoneal infection in guinea pigs. The UH-1 LD50 was 7.41 x 106 CFU, which was significantly lower than the RH-1 LD50 of 9.12 x 107 CFU (P = 0.0001). The mean time to death in UH-1-infected guinea pigs was also significantly shorter than in RH-i-infected animals (P = 0.0008). The UH-1 ID5o was 5.8 x 103 CFU, and although it was lower than the RH-1 ID50 of 1.4 x 104 CFU, this difference was not statistically significant (P = 0.21). This study demonstrates a difference in virulence between UH-1 and RH-1 in guinea pigs. Differences in strain virulence, as demonstrated between these two subtypes, may help to explain the widespread isolation of L. pneumophila from the environment contrasted with the limited occurrence of human Legionnaires disease.
Legionella pneumophila has been shown to be an important cause of community-acquired and nosocomial pneumonia (5, 6, 12) . However, a disparity exists between the widespread environmental predominance of the causative organism, L. pneumophila, and the restricted incidence of Legionnaires disease (9) . Different subtypes of L. pneumophila serogroup 1 which may differ in their ability to cause disease have been identified by Brown et. al. (2) and in our medical center by Plouffe et al. (17) .
During the period when nosocomial Legionnaires disease was identified (17) in our medical complex, two subtypes (UH-1 and RH-1) of L. pneumophila were recovered from potable water in approximately equal amounts; however, one subtype (UH-1) was isolated from 24 of 25 patients with nosocomial Legionnaires disease. To assess differences in virulence between UH-1 and RH-1, we infected guinea pigs with these two subtypes.
MATERIALS AND METHODS
Organisms. Fresh environmental isolates of L. pneumophila were recovered from tap water by culturing on buffered charcoal-yeast extract (BCYE) agar (GIBCO Diagnostics, Madison, Wis.; Remel, Lenexa, Kans.). The organisms were identified as L. pneumophila serogroup 1 by direct fluorescent antibody stain (3) (Biological Products Division, Centers for Disease Control, Atlanta, Ga.). Subtypes UH-1 and RH-1 were differentiated by colony morphology, monoclonal antibody agglutination (16) , and plasmid content (13) (4) , demonstrated that at doses of 107 and 108 CFU the time until death in animals given RH-1 was significantly longer than in animals given an equivalent dose of UH-1 (P = 0.0008).
Illness. Animals given either UH-1 or RH-1 became febrile between 1 and 5 days after injection. Animals that died became hypothermic as a preterminal event. Controls given killed organisms developed fever for 1 to 2 days after injection and then became afebrile. Uninfected controls remained afebrile throughout the period of observation.
Guinea pigs infected with either UH-1 or RH-1 experienced a mean maximum weight loss of 15% by 4 to 5 days after infection. Guinea pigs that died lost weight from the time of infection until death, whereas survivors began to gain weight at a rate equal to that of uninfected animals by 5 days after injection. Controls given killed organisms had a small (5%) initial weight loss 1 to 2 days after injection and then gained weight at a rate equal to that of uninfected controls. Uninfected controls gained 2% of their initial body weight daily. There were no subtype-associated differences in either fever pattern or weight loss.
Histology and cultures. The lungs from infected animals showed variable degrees of involvement, ranging from focal interstitial inflammation to extensive alveolar consolidation with edema, proteinaceous debris, and inflammatory cells filling the alveoli. Histology of the spleens ranged from apparently normal to scattered areas of necrosis with inflammatory infiltrate. These findings did not vary between animals given UH-1 and animals given RH-1. L. pneumophila was seen by direct fluorescent antibody stain in 100% of the lung and spleen tissue samples examined in both UH-1 and RH-1 groups.
In autopsied animals infected with UH-1, L. pneumophila was cultured from 33 of 37 (89%) peritoneal exudates, 28 of 37 (75%) spleen tissue samples, and 31 of 37 (84%) (95%) lung tissue samples. There were no dose-related or subtype-related differences in the number of organisms seen by direct fluorescent antibody stain or recovered in culture.
Serologies. The overall seroconversion rate for the survivors from the UH-1 group was 31 of 35 (89%), and for those from the RH-1 group it was 35 of 39 (90%). Seroconversion data are not shown for individual dose levels. The 50% infective dose of UH-1 was 5.8 x 103 CFU (95% confidence interval, 0.8 x 103 to 39.8 x 103 CFU), and the 50% infective dose of RH-1 was 1.4 x 104 CFU (95% confidence interval, 0.5 x 104 to 4.1 x 104 CFU). These results are different, but the difference is not statistically significant (P = 0.21, Z test of the difference between two population parameters).
Seroconversion occurred in all three controls injected with heat-killed UH-1 and in two of three controls injected with UV-killed UH-1. The three controls given heat-killed RH-1 showed seroconversion, as did the three controls given UV-killed RH-1. None of the 12 guinea pigs given sterile water showed seroconversion.
Because the mortality curves were so steep for the two subtypes, a second series of inoculations was carried out with intermediate doses between 108 and 106 CFU ( Table 2 ). The mortality rates from these injections confirm both the accuracy of our original mortality curves (Fig. 1 ) and the LD50s for each subtype calculated from our original data.
DISCUSSION
Winn and Chandler (20) recently reviewed the role of virulence factors in Legionella infections, including variations in the environment, host susceptibility, cellular and molecular mechanisms of damage, laboratory techniques, and alterations of intrinsic virulence between strains. Several investigators have been able to show alterations in the virulence of L. pneumophila after passage on artificial media or through living hosts. Our study is the first to examine and demonstrate differences in virulence between two unaltered environmental isolates of the same serogroup. McDade and Shepard (14) compared the virulence of L. pneumophila cultured in guinea pigs, in chicken eggs, and on modified Mueller-Hinton medium. They observed a > 105-fold increase in the number of L. pneumophila (Philadelphia 2) required to produce an LD50 in guinea pigs after passage of the strain on modified Mueller-Hinton agar at weekly intervals for 6 months compared with the dose required for an LD50 with cells obtained from L. pneumophila-infected (17) . The 
